Two species of Sarcandra and nine of Chloranthus in the Chloranthaceae from China were investigated cytologically. The basic chromosome number of both genera is x = 15. In Sarandra the two species studied are diploid, and in Chloranthus seven species are diploid, one tetraploid (C. fortune;, 2n = 60) and one hexaploid (C. hen$, 2n = 90). Chromosomes are medium-small to small, ranging in length from c. 6.0 pm to 1 .O pm. 7he katyopfiefonnulas are as follow: S. glabra 2n = 10m + lOsm + 8st + 2st"'; S. hainanensir 2n = 8m + 12sm + 8st + 2st""; C. spicatus 2n = 12m + 8sm + 6st + 4st""; C. mctu 2n = 12m + 4sm + 12st + 2st"'; C. Jermtu 2n = 16m + 12sm + 2st'"'; C. ressil$liw 2n = 14m + 8sm + 6st + 2st"'; C. nmosu 2n = 8m + 4sm + 6st + 2st"'; C. angutqoliolius 2n = 20m + 6sm + 2sm"' + 2st""; C. japonicus 2n = 18m + 8sm + 4st'"'; C.fortunei 2n = 48m + 4sm + 4st + 4st"'. Karyotype asymmetries are of type 3B in C. erectus and C. nmosw and 2B in the other species. Based on these results, combined with the evidence from comparative morphology, anatomy, palynology and embryology, the relationship between Sarcandra and Chloranthus is discussed.
INTRODUCTION
Sarcandra Gardn. and Chloranthus Swartz, two sufiutescent to herbaceous genera with bisexual flowers in the Chloranthaceae, are widely distributed in eastern, southeastern and southern Asia (Todzia, 1993) . Two species of Sarcandra and ten of Chloranthus are recorded in China, and China is the distribution centre of both genera (Wu, 1982; Wang, Huang & Wu, 1984; Kong & Yang, unpublished) .
Cytological studies on both genera have been widely carried out since the 1930s. Chromosome counts have been made on two species of Sarcandra and six of Chloranthus at least once, and karyotypes of one species of the former and four of the latter have been analysed (Table 1 ). The basic numbers of both genera are x = 15 and their chromosomes range in length from medium to small. Combined with the evidence from comparative morphology, anatomy, palynology and embryology, the majority of researchers (Swamy, 1953; Ehrendorfer et aL, 1968; Morawetz, 1986; Endress, 1987; Crane, 1989; Todzia & Keating, 1991; Carlquist, 1992; Todzia, 1993; Zhou, 1993) considered that these two genera are closely related. Okada (1995) , however, proposed a quite different hypothesis, based mainly on cytological aspects such as chromosome number and the karyomorphology of interphase nuclei and prophase chromosomes. He regarded Sarcandra as the sister group of Chloranthus and Ascardnu, and He&osmum as the sister of the above three genera.
Bearing in mind the importance of cytological characters when discussing the relationships among the genera and species in the Chloranthaceae (Hizume & Tanaka, 1982; Okada, 1995) , we have carried out a cytological observation on almost all species of Surcundra and Chloranthus distributed within mainland China. This paper is to present the results with a view to shedding some new light on the relationships among the genera and species in the family.
MATERIAL AND METHODS
All samples studied were collected in the field and cultivated in the greenhouses of Institute of Botany and Kunming Institute of Botany, both of the Chinese Academy of Sciences. The localities of the populations and their voucher specimens, which are deposited in the Herbarium, Institute of Botany, the Chinese Academy of Sciences (PE), are provided in Table 1 .
Root tips were pretreated in 0.1 YO colchicine at about 20°C for 2 hours or 0.002M 8-hydroxyqunoline for 2.5 hours before they were fixed in Carnoy I (glacial acetic acid:absolute alcohol = 1 :3) at 4°C for 30 minutes. Then they were macerated in 1 : 1 mixture of 1N hydrochloric and 45% acetic acid at 60°C for about 40 seconds and subsequently stained and squashed in 1 TO aceto-orcein. The terminology of Levan, Fredga & Sandberg (1 964) was applied for chromosome morphology, and the standards of Stebbins (1938) were used for distinguishing the chromosomes: <2 pn, small; 2-5 pm, medium-small; 5-9 pm, medium-large; >9 pm, large. The karyotype asymmetry followed Stebbins (197 1) and the asymmetry indices (Al, A2), Romero Zarco (1986) . A, estimates the intrachromosomal asymmetry based on chromosome arm ratio, and A*, the interchromosomal asymmetry revealed by variation of chromosome size (Romero Zarco, 1986) .
RESULTS
In Table 1 , chromosome counts previously published in the Chloranthaceae are listed. In Table 2 , the chromosome numbers (24 found in the populations are indicated. In Table 3 , details of the karyotype constitution for each analysed species are given, including chromosome size, proportion of chromosome types, karyotype asymmetry types represented by the letter A, and values of asymmetry indices A, and A2.
Sarcandru glabra (Fig. lA, C) Two populations of this species showed the same chromosome number and karyotype. The chromosome number was 2n = 30, agreeing with the previous reports by Matsuura & Suto (1935) , Sugiura (1936 ), Hsu (1968 , Okada (1975) and Hizume & Tanaka (1982) , but differing from 2n=28 of Sugiura (1931) . The latter should be ignored as a miscount. The chromosomes ranged in length from 4.3pm to 1.9 pm (medium-small to small). The first four pairs of chromosomes were obviously larger than the others and had centromeres at subterminal positions (st-chromosomes).
The remaining 22 chromosomes comprised 10 m-, 10 sm-and 2 st-chromosomes.
A pair of secondary constrictions was observed in the short arms of the 3rd pair of chromosomes and the distal satellites were longer than the short arms connected to them. The karyotype formula was 2n = 30 = 10m + lOsm +8st + 2stsa', with the Although S. glubra seems to be diploid throughout its distribution area, its karyogram shows great variability among the populations. In material from Japan, Sarcandra hainanensis (Fig. lB, D ) This species is endemic to China (Wu, 1982) and its chromosome number and karyotype are reported here for the first time.
The two populations investigated showed the same chromosome number (2n = 30) and karyotype. The chromosomes ranged in length from 3.7 pm to 1.9 pm (medium-small to small). The karyotype was similar to that of S. glabra in having eight large st-chromosomes, with a pair of relatively large satellites located on the short arms of the 3rd pair of chromosomes. The remaining 22 chromosomes contained 8 m-, 12 sm-and 2 st-chromosomes. The karyotype could be formulated as 2n = 30 = 8m + 12sm + 8st + 2st"', belonging to Stebbins' type 2B, and the asymmetry indices were Al = 0.52 and A2 = 0.26.
Chloranthus spicatus ( Fig. 2A) The chromosome number at metaphase was 2n = 30, as reported by Matsuura & Suto (1935), Sugiura (1936) and Hizume & Tanaka (1988) . The chromosome complement decreased in length gradually from the longest (4.0 pm) to the shortest (1.7 pn) and contained 12 m-, 8 sm-and 10 st-chromosomes. Two pairs of chromosomes (the 5th and 6th pairs) had satellites at the distal regions of their short arms. The karyotype formula was 2n = 30 = 12m + 8sm + 6st + 2st"'. The karyotype asymmetry was type 2B and the asymmetry indices were A, =0.46 and A2 =0.27. Hizume & Tanaka (1988) analysed the karyotype of material cultivated in Japan and considered the first eight chromosomes to be submedian. However, from their figure 1, it can be said that the fist three chromosome pairs seem more like m-, sm-and st-chromosomes respectively. If so, their result should be well in accord with ours.
Chloranthus erectus (= C. elatior) (Fig. 2B) The chromosome number at metaphase was 2n=30, as reported by Okada (1995) . The chromosomes ranged in length from 3.1 pm to 1.5 m (medium-small to small), with eight st-chromosomes slightly larger than the others. The karyotype was formulated as 2n = 12m + 4sm + 12st + 2stsat, and categorized type 3B. The asymmetry indices were Al=0.48 and A2=0.28. The karyotype of this species is reported here for the fist time.
Chloranthus smatus (Fig. 2C, D) The diploid number was confirmed as 2n = 30, as reported by Hizume & Tanaka (1982) and Okada (1995) , in the two populations studied. Yoshida's 2n=28 must have been in error according to Okada (1995) . The chromosomes were relatively small, ranging in length from 3.0 pm to 1.1 pm (medium-small to small). A pair of chromosomes (the 5th) had satellites at the distal regions of their short arms. The karyotype was 2 n = 16m+ 12sm+2st"', categorized type 2B, and the asymmetry indices were A, = 0.40 and A2 = 0.27. Our result was very similar to that of Hizume & Tanaka (1982) .
Chloranthus sessil@lius (Fig. 2E) This species is endemic to Sichuan Province of China (Wu, 1982) , and its chromosome number and karyotype are reported here for the first time.
At metaphase, 30 chromosomes, ranging in length from 3.7 pm to 1.1 pm, contained 14 m-, 8 sm-and 8 st-chromosomes. Two small satellites were observed at the distal regions of the short arms of the 10th pair of chromosomes. The karyotype formula was 2n = 14m + 8sm + 6st + 2st"' (type 2B), and the asymmetry indices were A, =0.45 and A2 = 0.25.
Chloranthus hen@
Both populations investigated showed the same chromosome number of 2n = 90. The chromosomes were very small and their karyotypes difficult to be analyse. As the only hexaploid species in the genus, its chromosome number is reported here for the first time.
Chloranthus mosus (= C. holostegius) (Fig. 3A) The chromosome number of this species was 2n = 30. The chromosomes varied in length from 4.6 pm to 2.0 pm, and the first eight chromosomes were rather larger than the others, belonging to m-type. The remaining chromosomes contained 4 smand 18 st-chromosomes. Two small satellites were located at the distal regions of the short arms of the 1 lth chromosome pair. The karyotype formula was 2n = 8m +4sm + 16st + 2st"' (type 3B). The asymmetry indices were Al = 0.58 and A2 = 0.27. The chromosome number and karyotype of this species are reported here for the first time.
Chloranthus angust@lius (Fig. 3B, C) This species is restricted to E Chongqing and W Hubei (Pei, 1935; Wu, 1982;  Kong & Yang, unpublished), and its chromosome number and karyotype are reported here for the first time.
At metaphase 30 chromosomes, ranging in length from 4.0 pm to 1.7 pm, were counted. The first eight chromosomes were larger than the others and were classified to be m-type. The karyotype formula was 2n = 20m + 6sm + 2sm"' + 2sP"' (type 2B).
Two pair of chromosomes (the 9th and 14th) had satellites at the distal regions of their short arms. The asymmetry indices were A, = 0.33 and A2 = 0.26.
Chloranthus japonicus (Fig. 3D) The chromosome number of 2n=30 reported by Matsuura & Suto (1935), Hizume & Tanaka (1982) and Okada (1995) , is confirmed here. The chromosome complement, ranging in length from 3.7 pm to 1.7 pm, was composed of 18 m-, 8 sm-and 4 st-chromosomes, in which the first eight were slightly larger than the others and had centromeres at the median positions. Two pairs of satellites were found on the short arms of the 9th and 14th pairs of chromosomes. The karyotype belonged to type 2B and the asymmetry indices were Al = 0.36 and A2 = 0.20. Our result was very similar to that of Hizume & Tanaka (1 982). 
angcsdifus (KHZ 97701). (D) Karyogram of C.japonk (KHZ 96040). Scale bar= 10 pm.
Chloranthus fmunei (Fig. 4A, B) The chromosome number was 2n=60, as reported by Shinagawa & Tanaka (1 964). This is the only tetraploid species found so far in the genus. The chromosomes decreased gradually in length from 6.0 pm to 2.0 pm (medium-small to small). The first 16 chromosomes were slightly larger than the others and belonged to m-chromosomes. The remaining 44 chromosomes were made up of 32 m-, 4 smand 8st-chromosomes. Four satellites have been observed on the short arms of the 15th and 16th pairs of chromosomes. The karyotype formula was 2n= 48m + 4sm + 4st + 4stSar (type 2B). The asymmetry indices were A, = 0.22 and Shinagawa & Tanaka (1964) firstly reported a karyotype formula of 2n= 85 + 8V + 41 + 4i' + 36(v-j) for this species, and suggested an autotetraploid origin of it from C. japonicus. Hizume & Tanaka (1982) , however, hypothesized a heterotetraploid origin from C. japonicus with large metacentric chromosomes and C. serratus with large subtelocentric chromosomes. Since the 60 chromosomes of C. fortunei fell naturally and equally into 15 groups, and the proportion of sm-chromosome was much smaller than that in both C. japonicus and C. serratus, this hypothesis was also not supported. But it is still uncertain whether C.fortunei have originated from an autopolyploidization of C. japonicus or a heteropolyploidization of C. japonicus and other species such as C. angustifolius. A2 =0.30.
DISCUSSION

Chromosom number
This investigation has confirmed that no individuals of the taxa examined contain 2n=28 chromosomes. The chromosomes numbers of all species of Sarcandra are 2n=30, while those of Chloranthus are 2n=30, 60 and 90 (Matsuura & Suto, 1935; Sugiura, 1936; Shinagawa & Tanaka, 1964; Hsu, 1968; Hizume & Tanaka, 1982 , 1988 Okada 1975 Okada , 1995 Tables 1 , 2) . Thus the basic numbers of both genera are the same: x = 15. Three species of Sarcandra are all diploids, while ten of Chloranthus comprise eight diploids, one tetraploid (C. fortune& 2n=60) and one hexaploid (C. h y i , 2n = 90) ( Table 3) . Thus the diploid is the most frequent in both genera (1 00% in Sarcandra and 80% in Chloranthus) while the polyploids are quite rare.
Three hypotheses were proposed for the origin of the basic number (x= 15) of Chloranthus and Sarcandra. Ehrendorfer et al. (1968) considered that this number could have originated by hybridization and allopolyploidy from ancestral stocks with x = 7 and x = 8 (7 + 8 = 15). They based their viewpoint on the assumption that the basic numbers of Ascarina and Hedyosmum were x = 14 (or 7) and x = 8 respectively. This suggestion now seems to be quite invalid because 2n = 26 observed by Okada (1995) in Ascarina rubricaulis and A. solmriana var. grandgora indicates that the basic number of Ascarina is x= 13, not 14 or 7. Hizume & Tanaka (1982) , considering that there are always six large chromosomes in Sarcandra glabra, Chloranthus serratus and C. japonicus, once suggested that x = 15 of both genera arises through progressive polyploidization of an original number x=5. This viewpoint, however, was challenged by their own subsequent research (Hizume & Tanaka, 1988) . Recently, Morawetz (1986) and Okada (1995) postulated that the basic number (x= 15) of both genera originates from a diploid reduction from the tetraploid level of x = 16. They considered that the evolutionary trends of basic numbers within the Chloranthaceae should be: x = 8 (Hedyosmum) + 16 (unknown genus) + 15 (Sarcandra and Chloranthus) + 13 (Ascarina). This viewpoint, in our opinion, seems to be the most reasonable one. The number of those obviously large chromosomes in C. spicatus and other diploid species of both genera are eight, not six, which supports a tetraploid origin for these taxa.
Chromosome size and morphology
The chromosomes of both Sarcandra and Chloranthus are medium-small to small, varying in length from c. 6.0 pm to 1.0 pm. Three chromosome types, (i.e. my sm and st) are found in all species studied. The most frequent type is m. The proportion of each type varied from one species to another (Table 3) . C.fortuna', C. angustijilius and C. japonicus have high percentages of m-chromosomes (80%, 66.7% and 60% respectively) while C. neruosus and C. erectus have high percentages of st-chromosomes (60% and 46.7% respectively) ( Table 3) . Two satellites were observed in C. erectus, C. serratus, C. sessilfolius and C. nmosus, while four in C. spicatus, C. angustifolius, C. japonicus and C. forturn' ( Table 3 ).
The karyotypes of Sarcandra glabra and S. hainanask are very similar to each other in possessing eight large st-chromosomes, with a pair of relatively large satellites on the short arms of the 3rd pair of chromosomes.
In Chloranthus, it is obvious that no common basic karyotype could be proposed for all species (Table 3) . However, we can divide the species into two distinctly different groups according to their karyotypes, especially the size and shape of the first eight (or 16 in the tetraploid species) chromosomes. In C. nmosus, C. angust$dius, C. japonicus and C.fortuna' these are all m-chromosomes, while in other species, they are m-, sm-or st-. Since the karyotypes of C. serratus and C. sessilijilius (Sect. Brachyuri Solms-Laub.) are more similar to those of C. spicatus and C. erectus (Sect. Fruticosi Solms-Laub,) than to those of C. angustiilius, C. nmosus, C.japonicus and C. fortuna' (Sect. Mamnuri Solms-Laub.) (Fig. 5) , it seems that the division of the genus into two groups, i.e. Fruticosi and Herbacei Solms-Laub. (including Sect. Brachyuri and Sect. Mamnun), mainly according to habits (Solms, 1868; Pei, 1935 ) is quite unnatural. This result, however, is well in accord with the data from the androecial structures. As has been pointed out by Swamy & Bailey (1950) , the individual lobes of the androecium in C. sessilijilius, C. oldhami and C. henryi are completely free, while in C. serratus, the staminal appendages exhibit an early step in the cohesion of the adjacent lobes (i.e. tripartite androecium), and this tendency reaches an extreme expression in the androecial structures of C. spicatus and C. erectus. In C. angustifolius, C. nmosus, C. juponicus and C. fortunei, however, the androecial structures indicate quite another line of morphological modification: the androecial lobes become extremely elongated and their confluent base becomes rather pronounced.
It should be pointed out that although C. erectus has been traditionally treated as a member of Fruticosi, karyotypically it is more similar to Sarcandra species than to C. spicatus. The first four pairs of chromosomes in C. erectus are all st-chromosomessimilar to those in Sarcandra spp. but quite different from those in C. spicatus. In C. spicatus the first four pairs are composed of 4m-, 2sm-and 2st-chromosomes. The 5th and 6th pairs of chromosomes in C. erectus are m-type, without any satellites, while in C. spicatus they are all satellited st-chromosomes. The stems of C. erectus are strong and erect, similar to those of Sarcandra species, while those of C. spicatus are slender and always decumbent to ascending, All these seem to suggest a key position of C. erectus between Sarcandra and Chloranthus.
Karyogpe asymmetry
Karyotype symmetries are of 2B type in all species of Sarcandra and Chloranthus except C. erectus and C. nmosus, which have the less symmetrical 3B one (Table 3) A combination of A] and A2 indices was found to be significant in the assessment of the relationships among species (Fig. 5) . C. angust$lius, C. japonicus and C. fortunei are distinctly separated from the other species of their low A, values; C. nmosus has the lowest Al value and thus has the least symmetrical karyotype in Chloranthus, followed by C. erectus and C. spicatus. On the whole, species of Sarcandra have less symmetrical karyotypes than those of Chloranthus.
Since Sarcandra shows a large number of primitive characteristics in its leaf architecture (Todzia & Keating, 1991; Zhou & Li, 1994) , xylary elements (Swamy & Bailey, 1950; Swamy, 1953; Carlquist, 1987 Carlquist, , 1992 and pollen grains (Swamy & Bailey, 1950; Kuprianova, 1967; Walker, 1974a,b; Xi, 1980; Endress, 1987) , it has been thought by many systematists (Swamy, 1953; Endress, 1987; Zhou, 1993) to be the most primitive genus in the family Chloranthaceae. However, cytologically this genus has a less symmetrical karyotype than Chloranthus and seems to be at a more advanced evolutionary level according to the viewpoint of Stebbins (1 97 1). Thus there is a contradiction between the cytological data and other data. To understand properly the evolutionary direction between them, more evidence is needed.
Relationsh$ between Sarcandra and Chloranthus
Sarcandra Gardn., a small genus with only three species, was separated from Chloranthus by Swamy & Bailey in 1950. According to the authors, Sarcandra is clearly distinguished from Chloranthus by its unique characteristics such as the bisexual flowers with single stamen, red fruits, vessel-less xylem and acolpate pollen grains. Recently, several researchers (Carlquist, 1987; Takahashi, 1988; Takahashi & Tamura, 1990; Zhang et al., 1990) have reported vessels in stems and roots of S. glabra and S. hainanensis. Apertures were also found in the pollen grains of Sarcandra (Kuprianova, 1967; Endress, 1986 Endress, , 1987 . Chloranus smutus and C. hen@ have a tripartite androecium early in the flowering season, but a bipartite or single one later (Wang et al., 1984) . AU these features seem to narrow the gap between the two genera.
Cytologically, both Sarcandra and Chloranthus have the basic number of x = 15 and medium-small to small chromosomes. However, according to Hizume & Tanaka (1982 , 1988 and Okada (1 995), the interphase nuclei and prophase chromosomes of the former genus correspond to the prochromosome type and the proximal type respectively, while those of the latter correspond to the complex chromocenter type and the interstitial type. At metaphase, the first four pairs of chromosomes of Sarcandra species are all st-chromosomes, with a pair of large satellites located on the short arms of the third pair of chromosomes. These eight chromosomes, together with the large satellites, may serve as one of the most important markers by which the species in Sarcandra are cytologically distinguishable from those in Chloranthus.
